An isotope dilution/inductively coupled plasma mass spectromelric method (ID/ICP-MS) for measuring the concentration of technetium-99 in aqueous samples was developed at the Savannah River Technology Center (SRTC). The procedure is faster than radiometric tecniques, is less subject to interferences, and has equal or better detection limits. It is currently being used to measure the concentration of 99Tc in samples of Savannah River water collected in the vicinity of the Savannah River Site. In this method one liter samples of water are spiked with 97Tc. After equilibration, the technetium is extracted from the sample with a chromatographic resin. Interfering elements, molybdenum and ruthenium, are either not retained by the resin orare washed off with dilute nitric acid. The technetium is then eluted with more concentrated nitric acid, and the 99Tcp7Tc ratio in the eluant is measured with an ICP-MS. The 99Tc concentration in the original sample is calculated from the 99Tc/97Tc ratio. The chemical recovery of the extraction procedure is greater than 90%. The detection limit of the instrument, taken as three times the background counts at m/z = 99, is 0.6 part per trillion (ppt). The detection limit of the procedure, taken as three times the standard deviation of several reagent blank analyses, is 0.33 pCi/1. Technetium-99 is produced by the fission of 235U and 239pu, It is primarily released to the environment through nuclear fuel processing and nuclear weapons testing. Technetium-99 has a half life of 2.12. l05 years. It is a [~-emitter with an Ema x = = 0.292 MeV. In an oxidizing environment technetium exists as the pertechnetate ion, TcO~. l This ion is very mobile in the ground and surface water. Technetium behaves as a nutrient analog and may be concentrated by plants 2 either through their roots or by absorbing technetium which had been deposited on their outer membranes. In humans and animals the perteclmetate ion localizes in the gastrointestinal tract and thyroid gland) Analyses of environmental samples are therefore routinely performed near nuclear facilities to monitor the concentration of 99Tc in the environment.
Technetium-99 is produced by the fission of 235U and 239pu, It is primarily released to the environment through nuclear fuel processing and nuclear weapons testing. Technetium-99 has a half life of 2.12. l05 years. It is a [~-emitter with an Ema x = = 0.292 MeV. In an oxidizing environment technetium exists as the pertechnetate ion, TcO~. l This ion is very mobile in the ground and surface water. Technetium behaves as a nutrient analog and may be concentrated by plants 2 either through their roots or by absorbing technetium which had been deposited on their outer membranes. In humans and animals the perteclmetate ion localizes in the gastrointestinal tract and thyroid gland) Analyses of environmental samples are therefore routinely performed near nuclear facilities to monitor the concentration of 99Tc in the environment.
Several methods have been used to analyze for 99Tc in the environment. These methods include concentration of the technetium by an ion exchange 4,5 organic extraction 6,7 and/or selective precipitation) Technetium-99 activities are often determined with a liquid scintillation spectrometer or gas-flow [~-proportional detector.
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D. M. BEALS: DETERMINATION OF TECHNETIUM-99 IN AQUEOUS SAMPLES
Chemically, technetium is similar to rhenium, another group VIIB element, thus they are difficult to separate from each other. Ruthenium is also difficult to separate from technetium. Ruthenium-106, also a 13-emitter, may be released with technetium during nuclear fuel processing. Any radioactive rhenium or ruthenium not separated from technetium may bias results if samples are counted by liquid scintillation or [~-proportional detection.
The technetium separation and concentration techniques mentioned above are not quantitative. Chemical recovery of technetium is difficult to determine because technetium has no stable isotope with which to perform gravimetric yield determinations. Technetium-99m (half life of six hours) has been used as a yield tracer. 5 The 99roTe recovery is measured by y-spectrometry followed by 13-counting of the 99Tc one week later. Other procedures call for the analysis of duplicate samples, one spiked with 9qTc. The chemical yield is assumed to be the same for the spiked and the unspiked sample.
ANDERSON and WALKER developed a procedure 8 to measure 99Tc by thermal-ionization mass spectrometry. Technetium-97 could then be used as a yield tracer and concentration determination by isotope dilution. Recently, MORITA measured 99Tc by inductively coupled plasma mass spectrometry (ICP-MS). 9 They performed a chemical separation of the technetium to remove the isobaric interference of 99Ru. Chemical yield was determined by ~/-spectrometry using 95mTc as a yield monitor, CRAIN and GALLIMORE measured 99Tc by ICP-MS in unconcentrated samples 1~ with a reported detection limit of 6 ppt (part per trillion). However, they were measuring the technetium in spiked solutions free of ruthenium.
At the Savannah River Technology Center (SRTC), part of the Savannah River Site (SRS) in Aiken, South Carolina, USA, operated by the Westinghouse Savannah River Company for the U.S. Department of Energy, we have developed a procedure to measure 99Tc by ICP-MS, employing a 97Tc racer for determination of concentration by isotope dilution. A chemical separation technique has been developed which concentrates technetium from one liter water samples. The developed technique also offers decontamination of technetium from ruthenium and molybdenum, which have isobaric interferences at mass 99 and 97, respectively. Using this new technique we have analyzed river water samples from near the SRS, as well as reagent blank and spike samples.
The detection limit of the developed procedure is less than 0.5 pCi/l. This is similar to procedures which use liquid scintillation or [3-proportional counting to measure the 99Tc concentration. However, with this mass spectrometric technique, isotope dilution can be used to correct for chemical recovery through the separation procedure. Also, any ruthenium not separated from the technetium may be identified using mass spectrometry so as not to bias the 99Tc calculated result; rhenium will not interfere with
